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ABSTRACT

Reported is a study on the use of quantitative data
in evaluating a science course for the purpose of introducing an
alternative form of information presentation capable of supplying
qualitative feedback valuable to students, teachers, and curriculum
developers. Fifty-five teachers, randomly selected during the 1967-68
Project Physics (PP) experimental period, were classified as the PP
trial, non-PP control, and PP experienced groups..Results of the
pretest and posttest of the Test on Understanding Science and the
Science Process Inventory taken by 1,188 randomly selected students,
921 in PP. course and 267 in non-PP course, were used in this study..
Quantitative t-test findings were considered as usable only in
speculation of the nature of group differences..The McNemar chi
square item analysis was introduced to identify areas of knowledge
and specific ideas for which students showed a significant increase
or decrease in understanding. . The PP course was found superior to
non-PP courses in four aspects: science tactics, value of science,
instruction function of science, and science-society interaction. The
increased specificity of qualitative analysis led to high-quality
feedback. . (CC) -
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INTRODUCTION

This paper reports on. (1) the limitations to the
use of quantitative data in evaluating a science course,
and (2) a complementary or alternative form of information
which yields valuable feedback to curriculum developers,
teachers, and students. This feedback emerges from asking
such qualitative questions as: What ideas have students
learned? What misunderstandings have they still retained?

Harvard Project Physics is partially evaluated in order

to illustrate the use and limitations of qualitative data.

A NEED- FOR QUALITATIVE DATA

Tradiiionally, student achievement and course
evaluation rest firmly upon quantitative data. For
example, "Students of course E gained 5.48 points on
test T while students of course C gained only 1.71 points.
Thergfore. course E is better than course C."

But what does it mean to‘a curriculum developer
or teacher for group E to score 3.77 points more than
group C? What information does this give him? Unfort-

unately, it is an ambiguously summative datum which




through statistical comparison lead; to a probabilistic
statement concerning course effectiveness. ﬁost_often
such a statistical statement is misused as an interpret-
fve and judgemental statenent.2 The education community's
reliance on purely quantitafive data tends to propagate

this ambiguity and misunderstanding.

Quantitative data elegantly nanipulated. with sophis-

-ticated statistics do have fheir place. Welch and
Walberg's multivariate analysis of variance stud73 is a
paradigm in this regard. Their multivariate and univar-
iate é-tests lead to useful comparisons between an
experimental and’conirolxgroup, Howeve~, because these
statistical computations Tely on total test scores, the
subsequent comparisons might very well.bé cursory. When
identifying student iﬁhievement for the purpoée of i
course evaluation, perhaps quantitative data should only
be used as 1nitzal pieces of information. )

One of the greatest utilities a test can have is
supplying qualitative feedback to a researcher, fe#cher,
‘and ¢tudent.? Thus, one should consider asking quali-
tative questions such as: What ideas have students
learned? What misunderstandings have they still

retained? With the corresponding answers, the relative

merit of one learning experience over snother may be

considered in less ambiguous terms.
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Cooley and Klopfers first demonstrated the

assets of qualitative data when evluating Klopfer's

History of Science Cases. Klopfer and McCann's4

evaluation of 2 new junior high school science course
and Klopfer's evaluation of astronomy materials lent
further tcredence to the use of qualitative data.
Recently, MacKay7 inqluded qualitative data ;h a sur ey
;ﬁport carried out in Australia. Thé»clarity‘of qual-
itative data allowed the reseafchers not only to conclude
that one group of students "had learned more" than
another group, but‘also allowedthem to describe in
detail the ideas which the students had generally
learned. 7

The dearth of qualitative data in educdtional
research points to thé pressing need for its inclusion

in research studies. Its vtility is demonstrated here

a2 -; 3 - = - ] .
in an evajuation of Haryard Project Physics.

D
"

The first commercial edition was published as

Project Physics, September, 1970; Holt, Rinehart §
Winston. 4
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AN EVALUATION OF HARVARD PROJECT PHYSICS*

A full description of the sampie, experimental
design, and instruments in the study may be found in
'another paper which is being presented to the 46th an-
nual meeting: of NARST.! following is a summary of es-
sential information. Fifty-five teachers were randomly
selected from a total population of physics teachers in
the United States and Canada. These teachers were then

- randomly assigned to teach Harvard Project Physics, HPP,

(after having participated in a summer institute) or non-
HPP (the physics courses they would have ordinarily
taught.) An additional group of nineteen teachers,
experienced at teaching HPP, vbluntgergd to participate

1; the evaluation project. They taught in various regions

of the United States. A random sample of students of all

teachers wrote the Test on Understanding Science (TOUS)9

[N
or the Science Process Inventqufspl)lo on a pretest and
posttest basis. These instruments do not ¢oncern themselves

with what is normally called "subject matter.” Instead

-

*The evaluation is only a partial one. The student
learning evaluated in this study is limited by the two
instruments which are used. To this extent, the evalua-
tion of Harvard Prcject Physics is limited to knowledge
about sciencé and scientists.




they tend to measurc one's knowledge about the scienti-
fic enterprise: the aims of science, its epistemology,
its tactics, its values, its institutional functions,i
its interactions with society, and its human needs.

There were 921 HPP and 267 non-HPP students. (The exper-
imental group was larger than the control group in order
to amass enough data for more extensive investigations

with the HPP students.)

Results

The students' responses to the TOUS and SPI were
analyzed both QUantitatively and qualitatively.11 Accord-
ing to statistical calculations, t tests for matched pairs,
the TOUS and SPI écores gained significantly for both
groups of students. These results are shown in Table I.
The HPP students; mean gair score (7.95 points, TOUS and
SPI combined) proved_to be significantly greater than
that of the noﬁ-HQ? ;tudents (3.39 points, TOUS and SPI
combined). However, with this quantitati?é infornati?ﬁ
one can only speculate on the nature of these;differences

between the two groups. That is, the statisticalPCOlpar-

ison of quantitative data appear'to be grossly pn%aforna-

*
- - -
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TABLE

I

TESTS FOR SIGNIFICANCE BETWEEN PRETESTS AND POSTTESTS

*

HPP  TOUS (N=445)  Mean T test® Probubility  sp™*
pretest 34.41 6.857
12.51 p<.001 -
posttest 37.54 7.059
SPI (N=476)
pretest 107.52 8.233
10.65 p < .001
posttest 112.34 8.245
. . non- TOUS (N=126)
HPP
pretest 35.25 : 6.434
2.83 .01<p<.001
posttest 36.42 ’ 6.570
SPI (N=141)
pretest 107.08 - 7.789
: 4.34 p < .001
posttest  109.30 9.481
®

Test for significance of the difierence between two
means for non-independent samples.

€D means standard deviation.
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A McNemar chi square item analysisl i@entified ,
areas of knowledge and specific ideas for which §tudents
showed a significant increase or decrease in understand-
ing. Table II summarizes the achievement ¢f the HPP
versus the non-HPP students. A significant increase or
decrease in correct response between the pretest and
posttest is indicated by a;5+" or "-" respectively. The

test items in Table II are categorized by their content.

The arbitrary classification scheme is purely a heuristic

one,
In four content areas:
(1) the tactics of science
(2) the values of science .
(3) the institutional functions within
science
(4) the interaction of science with society
the HPP achievement greatly exceeded that of the control
group. Within these four categories the HPP students
.significantly improved on forty-three items compared
with the control group's five.
Most notably, learning about tactics or methods
of sé&ence appeare&:to be HPP's tour de force. All gains

o
were accomplished by the HPP students alone. For

example, a significant number of HPP students learned not

to think in terms of "the scientific method,” while

w




TABLE II

SUMMARY OF HPP VERSUS NON-HPP PERFORMANCE ON THE

TOUS AND SPI (ITEMS CATEGORIZED WITH REGARDS TO CONTENT)a

Topic Item? HPP Non-HPP

Aims of Science S3¢ ¢
$20
S86
T12
T16
T23
S94
S1§
$56 -

+ P+ P+ * e+ 4+

Epistemology of Science
Definitions - 8100
S13
S40
S50
S62
589
S58 +

* 4+ + 4+ ¥y

Assumptions S22
$70

5§27

517

§$77
B, ' S114
$119

S12.

§126

§109

§127
8§73 -
§104
S44 +

LR I L K R N B
+

+




TABLE 1II
(continued)

Topic Item HPP Non-HPP

General aspects T15§
S19
: L 5106 . .
5 T10
: T17
S1258 -
- 563 +

* + * + ¢

Laws ” S14
S49
S23

* +

Theories TS6
S18
TS7?
895
T4S
S53
S110

1 + &+

Models ) §31
‘ $35

T30

S59

S36

+* + &+ ¢+ 9

Observations S5
S113
- 598
TS1
_ S47

* 4 1+




]
\
\
\

: (
Topic

Tactics of Science
"The scientific
methog"

Scientific inquiry

Values of Science

- 10 -

TABLE I1I
continued)

Ttem

837
582
8107
S121
§130
§135
154

§11§

8133
$112
79
S4R
6
T13
S38
155
S43
$26
758
S88
$93
T26
T49

83
590
S8
s1i01
§9
8§55
§102
897
S117
S6
§60

HPP

* + 4

LR I SR B R R K R BRI R

L I R JK N IR K L B R R 2

Non-HPP

+ 4+ ¥ 4

;‘§
]
i
i
%
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TABLE I
(continued)

Topic Item HPP Non -HPP

Insti** n-1 Functions
J #408 T28 + +

S21

TS9O

+ ¢

Other functions T27
: T2

T52

T28

+* + ¢ +

Interaction of Science T60
With Society - T29
' T4

B R

Human Needs T4?7
- T18

T11

T42

10

T9

T32

hd ~ T31 +

* Pt e
+

aIncluded in this summary are only those TOUS and SPI . i
items which showed a statistically significant McNemar
chi square value for either the HPP or non-HPP groups.

bThe number is preceeded by a "T" if the item comes
from the TOUS, an "S" j¢ from the SPI. .

cA statistically significant McNemar chi value (.05
leveltof prdbability) is signified by the symbols '+
for an increase in correct response and "-" for ga
decrease in correct Tesponse.

7w P
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non-HPP students apparently remained in their original
state of mi;understanding. That is, only HPP‘students
gained in their understandinrg that scientists are free
to use any appropriate tactic in their research, 'no
holds barred" as Bridgman has said. Other topics sub-
sumed»under "tactics of scignce" included the roles of
imagination, confirmation, and instrumentatiqn in
scientific methodology.

In the content area "value; of science," items
that sh&weﬁ significant improvement encompassed such
topics ;s the simplicity value, skepticisn; practical
applications of scientific discoveries, and the values -
involved in reaching scientific conclusions. Knowledge
of "institutional functions within science" generally
increased for the HPP.group alone. For example, these
studgnts became more aware of scientific journals,
scientific societies,‘and the international character
of science. The fourth content area to experience
significant HPP gains was described as "the interaétion
of sclence with society." The items dealt with the
limitation of sc1ent1fic thought applied in non-
scientific areas, the influence of government upon

scientific progress, and the effect of public support

3

-

Errm—"




- 13 -

upon science.
The HPP -group significantly gained on twice as many
items as the non-HPP group in the remaining three areas:
(1) the aims of science .
(2) the human needs within science
(3) the epistemology of science -- including
definitions, assumptions, general aspects
of scientific knowledge, laws, theories,
models, and observations.
Even though the HPP and non-HPP courses appear more
s¥milar in these content areas, the HPP course did seenm
to encourage greater achievement.
Using the data in Table II and referring to the
pertinent test items, one can compare the HPP and non-
HPP groups in terms of the specific ideas students

tended to learn during the year. An illustrative

complex comparison is- mazde for the section "aims of

~ science." According to SPI items 20 and 86, most physics

students regardless of the course sf study tended to
learn that science strives to establish casual relation-
ships which are not neéessarily more complex than prev-
ious relatipnships. However, only the HPP students sicwed
significant improvement in: (1) learning the aii of
scientific explanation (TU&S items 12 § 16), (2) dis-

tinguishing between science and technology (TOUS item 23),
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(3) recognizing the importance of prediction as a goal in
science (SPI item 94), and (4) realizing that scientists
do not wish to make prejudiced observations (SPI item 15).
On the other hand, sone HPP students seemed to be misled
into thiﬁking that the purpose of experimentation is to
prove the laws of nature (SPI item 30), while the non-
HPP students acquired tthmisccnceptibn that scientific
investigations may%be exemplified by the sinﬁle activicy

of collecting rockgi(SPI item 56).

*

Summary

Compared with other physics courses, the inpact of
HPP on students learning about science and scientists
appeared to be substantialz The HPP students achieved
significantly greater'gain'scoras than did the non-HPP
students. While HPP did not clarify misconceptions and
nisunderstandings in the minds of all students, it did
tend to improve (much more than did other physics
courses) the student's knowledge about science and
scientists.’ In four areas specifically (the tactics of
science, its values, its institutional functions, and

the interaction of science with society) the HPP achieve-

ment greatly exceeded that of the control group.

o b
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IMPLICATIONS POR FURTHER RESEARCH

Quantitative data do play a légical role in deter-
mining statistical conclusions for experimental studies.
However, this role might bes* be limited to a minor one
when identifying student achievement for the purpose of
course evaluation. Qualitaiive data appear to be far
more informative to curriculum developers and teachers
than total score gains and subscore gains aione. In this
study, the evaluation of HPP demonstrates the increased
spgcificity in the results derived from quglitative
information. Not only can oné say the HPP students
achieved more than the non-HPP students, bu; one can
better understand in what ways (by what knowledge) the
groups differed. In some measure, the developers and
teachers of HPPimay now undérstand how:their—course
differs or concurs with other physics courses. They can
realistically anticipate what learning will likely iake
place. If thisicontant is thought to be incomplete, the
appropriate changes may be made to the course. 7

&n addition to coné;ring e;perinental and control
groups, one can also use the qualitative data to compare

the ideas generally learned by students with the expressed

objectives of the course. Such a studyrhas been completed
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